A surge in the demand for goats' meat both locally and internationally has prompted many goat farmers in Uganda to venture into commercial goat production. However, goat production is highly challenged by breed characteristics and extreme fluctuations in feed quantity and quality. This study evaluated the effects of supplementing grazing Mubende goats and their crossbreds (Mubende Â Boer) with concentrates on growth, carcass and noncarcass characteristics. A 2 Â 3 factorial treatment arrangement was used to randomly allocate 96 pure Mubende and Mubende Â Boer castrates (mean7SE; 31.372.2 kg initial weight) aged between 9 and 15 months, to three feeding regimes. The feeding regimes included (i) sole grazing (SGZ) as control, (ii) controlþ concentrate containing molasses (MCM) and (iii) controlþ concentrate without molasses (MCC). Concentrate dry matter intake was higher (Po0.001) in the crossbreds regardless of concentrate type, however, inclusion of molasses resulted in lower concentrate intake. The Mubende goats were more efficient in utilising concentrate with molasses while the crossbreds utilised concentrate without molasses more efficiently. Average daily gain (ADG) was higher (Po0.001) in the crossbreds and in the supplemented groups. Slaughter weight, empty body weight and hot carcass weight were also higher (Po0.001) in the crossbreds than the pure Mubende. Supplementation reduced gut fill (Po0.001) and increased (Po0.001) hot carcass weight and dressing percentage in both genotypes. Proportion of non-carcass components as percentage of empty body weight did not vary between genotypes but supplementation reduced (Po0.01) proportion of skin with hocks and empty stomach. Kidney fat, omental fat and scrotal fat increased (Po0.001) with supplementation. Therefore, crossbreeding together with supplementation of grazing can considerably improve goat meat production, however, caution should be taken on the level of concentrate supplement offered as tendency for absolute substitution of concentrate for grass/browse by goats was observed in this study.
Livestock production is among the top priority agricultural enterprises expected to contribute significantly to agricultural development in Uganda (MAAIF, 2010) . Beef, dairy, goats and poultry production have continued to support the livelihoods of the predominantly smallholder communities in the country. Due to their higher reproductive prolificacy (i.e. twinning ability and short gestation period), small size and ease of disposal compared to the larger ruminants, goats provide a major source of income and animal proteins to many households. Uganda's goat population is estimated at 12.5 million of which 98.7% are indigenous and only about 1.0% are exotic meat genotypes and 0.3% exotic dairy (UBOS, 2009 ). An estimated 39% of households in Uganda are known to own goats, which further demonstrates the importance of goats in the livelihoods of the people (UBOS, 2009 ).
An increase in demand for goat meat both locally and internationally (Juma et al., 2010; MAAIF, 2010) has prompted many farmers to venture into commercial goat production. However, commercial goat production is highly challenged by the existing breed characteristics and extreme fluctuations in feed quantity and quality. Natural pastures in the rangelands provide the major feed resource base for goat production in Uganda. The rangelands are characterised by high supply of good quality forage during the wet season but with a significant drop in both quantity and quality of forage during the dry season. These fluctuations often translate into inefficiencies in nutrient supply to the animals. Coupled with the rising human population and its associated pressure on land in Uganda, goat herd productivity based on natural pastures alone is bound to diminish. It has, therefore, become imperative to supplement grazing goats with protein and energy sources from locally available agro-industrial byproducts in order to improve the productive capacity of the existing goat genotypes in Uganda. However, supplementation of goats by farmers is still very limited due to paucity of information on the most appropriate supplementary feeds and modes of feeding.
It is known that supplementation of grazing goats significantly increases feed intake and digestibility of feeds with subsequent increase in growth rates and meat yield (Ben-Salem and Smith , 2008; Kawas et al., 2010) . However, Caton and Dhuyvetter (1997) noted that energy supplementation in grazing animals may reduce forage intake. This study, therefore, evaluated the effects of supplementing grazing pure Mubende and Mubende Â Boer crossbred goats with concentrate containing molasses and concentrate without molasses on growth rate, carcass and non-carcass characteristics and efficiency of concentrate utilisation.
Materials and methods

Study area
The study was conducted on-farm between August and November 2007 from wet to dry season in Kiruhura district, South Western Uganda. The study area lies within the cattle corridor of Uganda at an altitude of 1300 m and latitudes
0″0
0 North and 0311 04" 34' East. The area receives a total annual rainfall ranging from 800-1233 mm. The total rainfall during the study year was 977 mm. Temperatures in the area vary between 28 1C and 16 1C with lowest temperatures occurring during the wet season of July to August while highest temperatures occur during the dry season (November to March). Major grass species in the area include Brachiaria brizantha, Cymbopogon citratus, Themeda triandra, Panicum maximum, Chloris gayana, Sporobolus africanus and Laudetia spp. with Acacia nilotica as the most common leguminous shrub species.
Experimental animals and treatments
All the goats used in the study were purchased from Ruhengyere, a ranch under the National Animal Genetic Resources Centre and Data Bank about 20 km from the study location. Goats were stratified by weight into two groups within each genotype and randomly allotted to each of the three feeding regimes which comprised (i) sole grazing as control (SGZ), (ii) control plus supplementation with concentrate without molasses (MCC) and (iii) control plus supplementation with concentrate containing molasses (MCM). A 2 Â 3 factorial treatment design was used to randomly allocate 96 castrated goats (31.372.2 kg initial weight); 48 pure Mubende (MDE) and 48 Mubende-Boer (M Â B) crossbreds aged between 9 and 15 months, to the three feeding regimes. Concentrates were formulated and mixed on-farm from maize bran, cottonseed cake and molasses. Details of the proportions and nutrient composition of concentrates and pasture are presented in Table 1 . Sixteen animals per genotype were assigned to each feeding regime and divided in two pens (4 Â 3 m) with each having eight goats. Each pen formed an experimental unit used for data collection on concentrate dry matter (DM) intake.
Animal management
Goats were treated for internal parasites using albendazole (10%) drench on arrival at the farm. External parasites, mainly ticks which are endemic in the study area, were controlled through weekly hand spraying with Decatix (deltamethrin 5% w/v) throughout the trial period. Goats were grazed between 10:00 and 18:00 h. Concentrates including an additional 10% of previous day's intake were offered overnight. Free access was allowed to water and rock salt within pens for MCC and MCM; and in shades for control group. The trial lasted for 104 days including a two weeks adaptation period during which goats were accustomed to confinement and supplements.
Feed intake and body weight measurements
Concentrates were weighed and offered every evening while refusals were weighed every morning per pen to estimate daily concentrate DM intake. Representative concentrate samples and refusals were taken weekly and pooled for chemical analysis. Although pasture DM intake was not directly determined, voluntary DM intake was estimated as 3.3% of live body weight for growing goats, adopted from Luo et al. (2004c) . Also, one of the voluntary intake models (DM intake ¼0.4605þ 0.0203 Â BW þ1.9815 Â ADG À0.0387 Â metabolisable energy concentration) proposed by Luo et al. (2004c) for pen fed growing indigenous and crossbred meat goats was used to estimate the voluntary intake of the supplemented goats. Pasture samples were also collected each month through on-spot observation of the grazing/browsing behaviour of goats and samples were taken simulating herbage selected by goats at random sites in the grazing area.
Initial body weights of goats were determined by two consecutive days of weighing and subsequent weights were taken every 14 days. All weights were taken after an overnight fasting. Average daily gain was calculated from weight change within a given duration. Concentrate efficiency was calculated as the amount of concentrate consumed per unit of live weight gain.
Measurements at slaughter
At the end of the feeding period, 10 goats per treatment were randomly selected and slaughtered in two batches of 30 animals each. Five goats per treatment were slaughtered in each batch of slaughter. Goats were transported for about 10 h to a commercial abattoir located 300 km from the ranch and were slaughtered after an overnight fasting in a lairage with access to water. Each goat was weighed before slaughter to determine the slaughter live weight. Fasting loss was computed as the difference between final live weight at the farm and slaughter live weight. Hot carcass weights were taken immediately after slaughter and removal of non-carcass components. Weight of noncarcass components recorded included head, skin with hocks, heart, lungs with trachea, kidney, liver, full and empty stomach (rumen, reticulum, omasum and abomasum) and intestines (full and empty). Gut fill was calculated as the difference between full and empty stomach and intestines. Empty body weight was calculated as the difference between slaughter live weight and gut fill. Omental fat, mesenteric fat, kidney fat, pericardial fat and scrotal fat were also weighed and recorded. Dressing percentage was computed as a proportion of the hot carcass weight to the slaughter live weight and also as a proportion of empty body weight. The proportions of the different non-carcass components relative to the empty body weight were computed.
Chemical analysis of feeds and calculation of energy values
Concentrate and pasture samples were analysed for DM, crude protein (CP), ether extracts (EE), calcium (Ca) and phosphorous (P) and total ash according to the procedures of AOAC (1990) . Neutral detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin (ADL) and crude fibre were determined by the procedures of Van soest et al. (1991) with correction for residual ash. in vitro organic matter digestibility was determined following the method of Tilley and Terry (1963) . Metabolisable energy (ME) contents of feeds were estimated from their chemical composition following the equation of MAFF (1975) ; ME (MJ/kg DM)¼0.012CP þ0.031EEþ 0.005CFþ0.014NFE. The contents of digestible energy (DE) and net energy (NE (Scandinavian feed units (SFU)) were determined based on the chemical composition and the in vitro digestibility of organic matter according to Weisbjerg and Hvelplund (1993) . Scandinavian feed units (SFU ¼7.89 MJ/kg DM) was estimated as SFU per kg DM¼ À0.369þ0.0989 Â digestible energy (MJ/kg DM)À 0.347 Â crude fibre (kg/kg DM). Digestible energy (MJ/kg DM) was estimated as; DE (MJ/kg DM) ¼24.237 Â digestible crude protein (kg/kg DM)þ34.116 Â digestible crude fat (kg/kg DM)þ 17.300 Â digestible carbohydrates (kg/kg DM)À 0.766 Â sugar (kg/kg DM). Where: digestible crude protein (kg/kg DM)¼0.93 g crude protein/kg DMÀ 30; digestible crude fat (kg/kg DM)¼ 0.96 g crude fat/kg DM À10; digestible carbohydrates (kg/kg DM)¼ (digestibility of organic matter/100) Â (1000 Àcrude ash (g) À digestible crude protein À digestible crude fat). The correction for sugar was made only for feeds where the sugar content exceeded 20% of the DM content. Chemical composition and calculation of energy values of feeds are presented in Table 1 .
Statistical analysis
Data was analysed using the general linear model (GLM) procedures of Statistical Analysis Systems (SAS, 2001). Factors included in the model were genotype, diet and genotype and diet interactions in a factorial structure. The least square means generated were separated using the probability of difference option. The lowest standard error of the mean was used in case they were different.
Results
Feed intake, growth rate and concentrate use per kg weight gain
Chemical compositions (Table 1 ) and in vitro digestibility showed that the energy value and crude protein (CP) content of the concentrates were much higher than that of the samples from the grazed pasture. Although the pasture was low in digestibility, the protein content was higher than what is often observed in natural pastures.
Concentrate DM and subsequently CP, ME and NE intake were higher (P o0.001) in the crossbreds regardless of type of concentrate (Table 2) . For both genotypes, concentrate without molasses resulted in higher (Po0.001) DM intake than concentrate with molasses. Overall concentrate dry matter intake ranged between 0.83 and 1.37 kg DM while predicted voluntary total DM intakes ranged between 1.06 and 1.21 kg.
Live body weight was higher (Po0.01) in the crossbreds than the pure Mubende throughout the feeding period while whole period weight gain was higher (Po0.001) in the supplemented groups ( Table 2 ). The average daily gain (ADG) was similar for all feeding regimes in the first month of feeding, however, in the second (P o0.05) and third (P o0.001) months the supplemented goats had higher ADG than control goats on sole grazing (Table 2 ). The concentrate conversion per kg weight gain was between 8.1 and 11.9 kg DM with significant (P o0.001) genotype and feeding regime interaction effects. The Mubende goat genotype was more efficient in utilising concentrate with molasses while the crossbred genotype utilised concentrate without molasses more efficiently.
Carcass and non-carcass characteristics
Supplementation resulted in higher slaughter weight (Po0.05), empty body weight (Po0.001), carcass weight (Po0.01) and carcass dressing as percentage of slaughter weight (P o0.001), regardless of genotype (Table 3) . Fasting loss was numerically higher in the sole grazing animals, although effects of both genotype and feeding regime were not significant. Meanwhile, gut fill was lower (Po0.001) in the supplemented groups than in the sole grazing except in the crossbreds fed concentrate containing molasses where gut fill was similar to sole grazing. Slaughter components generally followed live weight differences between genotypes and were therefore higher in the crossbreds.
Non-carcass components as percentage of empty body weight did not vary between genotypes (Table 4) . Supplementation resulted in lower proportion of skin with hocks (Po0.01) and empty stomach (Po 0.001) with the lowest proportions observed in all genotypes fed on MCC.
Meanwhile, higher proportion of kidney fat (P o0.001), omental fat (Po0.001) and scrotal fat (Po0.001) were observed in the supplemented groups regardless of the type of supplement. In the pure Mubende, proportions of kidney fat in supplemented groups were more than triple the proportion found in the solely grazing animals, and nearly the same effect was found for omental fat. Numerically higher proportions of kidney, omental and scrotal fats were observed in the supplemented pure Mubende than the crossbreds.
Discussion
Concentrate dry matter utilisation
The observed concentrate DM intakes in this study were similar to total DM intakes for growing meat goats of similar live weight and average daily gain reported by Sahlu et al. (2004) and Luo et al. (2004c) and in Boer and Kiko goats as reported by Solaiman et al. (2012) . Crude protein and ME intakes were also within the ranges reported by Luo et al., (2004a) and Luo et al., (2004b) for growing meat goats and Patra et al. (2008) in Boer Â Spanish goats. The concentrate intakes of the supplemented goats implied that concentrates accounted for almost all net energy intakes and the browsed/grazed material only supplied a minimal structural part of the total diets. The results also indicated that inclusion of 20% molasses into concentrate improved concentrate DM utilisation. However, the substitution rate between concentrate and grass/browse intake by the goats is considered high as concentrate intake seemed to be high accounting for the entire and expected total voluntary intake of growing meat goats (Luo et al., 2004c) . The higher intake of concentrate without molasses compared to concentrate with molasses explains the influence of protein and energy on intake of goats as previously reported by Lu and Potchoiba (1990) who showed that DM intake of goats increased linearly with increasing content of protein while higher energy content in feed tended to decrease intake. Depression in concentrate DM intake by inclusion of molasses in diets was possibly due to the presence of more ruminally degradable and therefore readily available energy provided by this agro industrial by product than by concentrate without it which is in agreement with Caton and Dhuyvetter (1997) who observed that intake and digestibility can either be reduced or remain unaffected by energy supplementation. The reduced intake due to inclusion of molasses is also consistent with the energy intake regulatory theory which postulates that ruminants appear to consume feed to meet their energy requirements (NRC, 1991), although, the estimated energy values of MCC according to both MAFF (1975) and Weisbjerg and Hvelplund (1993) was lower for concentrate with molasses. The efficiency of concentrate utilisation of 8.1-11.9 kg DM/kg live weight gain is comparable to the amount used to obtain one kg weight gain in non-grazing cattle (Mwilawa, 2012) . However, this is much higher than the efficiency of feed utilisation of 3.4 kg DM per kg live weight observed by Haddad (2005) in Baladi goat kids fed diet containing 85% concentrate. The higher concentrate DM intake of the crossbreds (M Â B) which had a higher growth rate compared to the pure Mubende was in agreement with earlier results ( NRC, 1991) that animals take in DM to meet their energy demands for physiological functions such as growth and milk production. Preston and Leng (1987) noted that in the absence of environmental and nutritional constraints, DM intake is determined by genetic potential of the animal. This might have been the case for the supplemented goats in this experiment.
Growth characteristics
The growth rates of both the grazing goats and supplemented goats were higher than those earlier reported in Uganda (Ssewanyana et al., 2004) . This was probably because the grazing area in this experiment had higher quality pastures and browse in terms of protein content. However, the measured digestibility of sampled herbage was lower than anticipated possibly because of high levels of lignifications. Inefficiencies of simulating the exact herbage that was selected by the goats compared to materials selected for laboratory analysis could possibly have contributed to the observed lower in vitro digestibility. Nonetheless, the increase in average daily gain (ADG) resulting from concentrate intake was considerable especially in the last 34 (56-90) days of the trial where growth rate of the supplemented goats was more than double that of the control goats. Meanwhile, the overall increase in ADG of more than 57% observed in both genotypes was higher than the 18% increment reported by Turner et al. (2014) in Boer-crossbreds but similar to observations made by Haddad (2005) on growing Baladi goats fed varying proportions of forage to concentrate. The higher growth rate of M Â B crossbreds showed the genetic superiority of the Boer goat over the pure Mubende goat and this was consistent with previously reported results by Ssewanyana et al. (2004) . Various studies have also demonstrated superiority in growth rate of the Boer goat genotype over their crossbreds with other goat genotypes (Cameron et al., 2001; Dhanda et al., 2003; Negesse et al., 2007) . However, as shown by goats fed concentrate, the superior growth rate of M Â B crossbreds was mainly caused by a higher feed intake and to a lesser extent by an increased efficiency in utilisation of the concentrate (Table 2 ).
Carcass and non-carcass characteristics
The observed higher slaughter live weight, empty body weight and carcass weight of the Boer crossbreds were in agreement with results from other studies (Oman et al., 2000; Cameron et al., 2001; Herold et al., 2007) . However, dressing percentage did not differ between the pure Mubende and the Boer crossbreds contrary to Dhanda et al. (2003) who observed differences in dressing percentages among crossbreds of Boer with Angora, Feral and Saanen genotypes and Herold et al. (2007) who observed difference in dressing percentages with Cashmere Â (Boer Â German Fawn) crossbreds. This implied that, the proportions of carcass, non-carcass components and gut fill are similar between the pure Mubende and the crossbreds with Boer. Shadnoush et al. (2004) noted that the different carcass parts determine the relative merits of different breeds for meat production. This study, therefore, demonstrated the potential of the pure Mubende goat for meat production which can be considerably improved through crossbreeding with the Boer.
A positive contribution of concentrate supplementation to meat yield of grazing goats was demonstrated in this study. Both concentrates increased empty body weight, carcass weight and dressing percentage of the two goat genotypes. Increased carcass weights resulting from different levels of concentrates offered to goats have been reported by Okello et al. (1994) in Mubende goats, Ryan et al. (2007) in Boer goats, Mushi et al. (2009) and Safari et al. (2009) in the Small East African goats and their crossbreds with Norwegian goats. Mahgoub et al. (2005) also showed an increased slaughter weight, carcass weight, empty body weight and dressing percentage with increasing level of metabolisable energy in the diets of Omani goats. Similar findings were also reported by Solomon et al. (2008) in Sidama goats. The increased proportions of these components suggest a decreased proportion of non-carcass components at higher body weights. Kamalzadeh et al. (1998) noted that non-carcass components such as feet, head and visceral organs decreased with increasing body weight of sheep. This implies that at higher nutrient supply, the non-carcass components mature earlier and that any additional gain in body weight is attributed to carcass weight and other tissues such as fats. The considerable increase in noncarcass fat with supplementation was probably partly responsible for the relatively low live weight gain per kg of concentrate. Supplementation compared to sole grazing increased non-carcass fat (pericardial, kidney, omental, mesenteric, scrotal) with 2.9-4.7 as percent-units of empty body weight. Increase in internal and carcass fat in goats due to increasing intake of energy in diets has been reported by various authors (Goetsch et al., 2011; Zervas and Tsiplakou, 2011) . As fat is nearly water free and high in energy density, this is enormous energy storage, with low slaughter value but very important as energy storage for the goat. A lowered weight of gut fill due to supplementation also contributed to the higher dressing percentage in supplemented goats. The study shows that the proportion of meat in the carcass of grazing Mubende goat and its crossbred with the Boer can be considerably improved through supplementation with concentrate. Non-carcass components as percentage of empty body weight did not differ between the pure Mubende and their crossbreds. This demonstrated that the genotypes have similar patterns of nutrient partitioning between different body parts. This was also confirmed by the similar dressing percentages of the two genotypes (Table 3) . Concentrate supplementation reduced the proportion of skin with hocks and empty stomach while the proportions of kidney fat, omental fat and scrotal fat increased with supplementation as previously observed by Zervas and Tsiplakou (2011) . This confirms observations b,y Kamalzadeh et al. (1998) who reported early maturation of skin, hocks and viscera but late maturation of fat deposits. The proportions of internal fats and scrotal fat of Mubende goats observed in this study were higher than those observed by Mushi et al. (2009) in Small East African goats. Although this difference partly could be attributed to age differences, it indicated that the Mubende goats are distinctly different from other Small East African goats, the group under which the Mubende has often been classified. The observed proportions of internal fat (kidney, omental and mesenteric fats) in the concentrate supplemented goats were much lower than those observed by Ngwa et al. (2009) in Boer (3/4) Â Spanish (1/4) and Spanish goats fed a pelleted 50% concentrate diet. However, goats fed a diet based on hay (Ngwa et al., 2009 ) had similar proportions of internal fat as the grazing goats observed in this study.
Conclusion
Concentrate supplementation of grazing offers a reliable option for improving meat production of the pure Mubende goat and its crossbred with the Boer; however, caution should be taken on the amount of supplement offered as tendency for absolute substitution of concentrate for grass/browse by goat was observed in this study. Meanwhile, the response of grazing pure Mubende goat to concentrate supplement is comparable to that of its crossbred with the Boer. However, the Boer crossbred exhibited better growth rate and meat yield than the pure Mubende. Therefore, crossbreeding together with supplementation of grazing can considerably improve goat meat production in Uganda.
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